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Method and device for suctiomng the boundary layer 
Field of the invention 

5 The present invention relates to a method and a device for suctioning the boundary 
layer at the surface of an aircraft having an air-conditioning system, at whose flow- 
critical points of the surface, boundary layer suctioning is applied through small 
opetiings. 

10 In the technical field of airplane construction and in aircraft construction in general, 
suctioning of the air layer flowing directly along the aerodynamic surfece regions of 
the aircraft, the boundary layer, may be performed to reduce the aerodynamic 
frictional resistance during flight. This measmie is based on the fluidic law that the 
aerodynamic fiictional resistance of laminar boundary layer flows is significantly 

15 smaller than that of turbulent boundary layer flows. Therefore, tihe Motional 
resistance of an aircraft may be reduced while cruising by keeping the boundary 
layer flow at wing and tail assembly surfeces at least partially laminar. One method 
for delaying the change ftom laminar to turbulent flow comprises suctioning the 
boundary layer neighboring the surfece of the aircraft into the mside of the aiixiraft 

20 using small openings in the external skin of the aiicmft forming the surface. Of 
course, the air suctioned in this way must be released to the outside again, i.e., 
discharged to the atmosphere, at suitable, flow-fevorable points after passing through 
the duct system. 

25 Summary of the present invention 

Thus, there my be a need to keep a frictional resistance of an aircraft low. 

Shaping and placing the outlet for releasing the air thus suctioned on the aircraft in 
30 such a way that as few additional aerodynamic resistances as possible are thus 
generated may be advantageous. Suitable points are the wing-fiiselage transition 
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region of the aircraft or the rear edges of the pylon or the aft fuselage. Analogously, 
the transition region to the fuselage and the aft fuselage come into consideration for 
the placement of an ouHet of the suction device on tail assemblies. Releasing the 
suctioned air to the outside flirough an outlet placed in the region of the cabin 
5 window has also already been attempted; however, this solution, vAach is simple, has 
not been shown to be favorable to flow. 

A disadvantage in principle of all above-mentioned solutions may be that the outlet, 
as a geometric interference of the aerodynamically shaped surface of the aircraft, 

10 always causes losses in the boundary layer flowing past, so that an additional outlet 
of known devices for suctioning the boundary layer worsens the aerodynamic 
properties of the aircraft. In order to reduce the resistance generated, the air may be 
accelerated to a speed which is somewhat above the flow speed at the outlet. 
Additional energy is necessary for this purpose; however, further propulsion may be 

IS generated. 

The present invention encompasses the tecdinical teaching that to reduce flow losses, 
the air quantity suctioned from the surface and originating fix)m the boundary layer is 
fed to the air-conditioning system of the aircraft, via whose outlet the air quantity 
20 suctioned is discharged to the atmosphere jointly with the exhaust an: of liie ak- 
conditioning system. 

In principle, the present invention makes use of the presence of an air-conditioning 
system in larger aircraft Therefore, the present invention brings together two system 
25 modules of a modem aircraft v/tdch. until now functioned completely independently 
of one another. The synergistic effect resulting therefrom is expressed in a reduction 
of aerodynamic flow losses on the aircraft. This is because by introducing the air of 
the boundary layer suctioning system into the cabin system, i.e., its air-conditioning 
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system, less bleed air must be taken from the power plant than in the related art, 
which leads to lower power plant losses. In addition, the total quantity of the exhaust 
air to be discharged may be reduced, since the air quantity suctioned does not have to 
be released to the outside in addition to the exhaust air from the air-conditioning 
5 system. Therefore, it is believed that no additional flow losses arise through the 
method according to Ihe present invention for suctionii]^' the boundary layer. 
Furthermore, flow losses which an otherwise typical additional outlet on the sur&ce 
of the vehicle would cause may be avoided. Overall, it is believed that a flow- 
energetics total balance may be improved. 

10 

The air quantity suctioned from the boundary layer may be fed to the air mixer unit 
of the air-conditioning system. Introduction of the air quantity suctioned at this point 
of the air-conditioning system ensures the two systems, which are coupled to one 
another, work together optimally. The mixer unit of the air-conditioning system of an 
15 aircraft is located behind the air-conditioning pack in most cases and combines air 
partially originating from the recirculation of used cabin air with bleed air taken from 
the power plant. 

The air quantity suctioned is to be fed to a duct which is connected to the fresh air 
20 outlets of tiiie air-conditioning system (on the unpressurized side) and a check valve, 
a connection existmg between the latter and the mixer unit 

However, it may be considered that this suctioned air quantity may be brought to a 
pressure suitable to be fed into the cabin system, i.e., to cabin pressure, at a suitable 
25 point of tiie duct system before introduction into the pressurized region of the aircraft 
fiiselage. A compression unit is to be introduced into the duct system for this 
purpose, if necessary. 
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The air quantity suctioned may be adjusted suitably in regard to temperature and 
humidity by the air-conditioning system, so that no further technical means are 
necessary for this purpose. 

5 Detailed description of exemplary embodiments 

Further measures and features of exemplary embodiments of the present invention 
will be explained in greater detail in the following on the basis of the figures, 
together with the description of a preferred exemplary embodiment of the present 
10 invention. 

Figure 1 shows a schematic illustration of a device for suctioning the boundaiy 
layer at the surface of an aircraft, and 

15 Figure 2 shows a schematic flowchart illustiation of the suctioning method 
executable using the device from Figure 1 . 

Accorduig to Figure 1, the sur&ce 1 of an aircraft is provided with many small 
suction openings 2. The suction openings 2 are positioned at flow-critical points of 

20 the sur&C6 1 (shown purely schematically here). During flight, the air flow runs 
along the surface 1, tbe an: layer proximal to the surface being referred to as the 
boundary layer. In order to keep this layer laminar even at a high flow speed, the 
boundary layer is suctioned through the suction openings 2. The suction openings 2 
are connected to a continuing duct system 3. The suction effect m the duct system 3 

25 is generated via a suction source (not shown here in greater detail), the duct system 
3 discharges into an air-conditioning system 4 of the aircraft The air-conditioning 
system 4 is used for clunate control of the aircraft cabin. The entry of the duct system 
3 into the air-conditioning system 4 occurs via its air mixer unit 5. In addition, a 
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recirculation line 6 is also connected at the intake side of the air mixer unit 5. The 
recirculation line 6 is used to return a part of the cabin air into the air-conditioning 
system in order to adjust the temperature and humidity again. The exhaust air of the 
air-conditioning system 4 reaches the atmosphere via an outlet 7. The outlet 7 of the 
5 air-conditioning system 4 is positioned on the aircraft for optimal flow, preferably in 
the lower aft section. In addition, the part of the suctioned air quantity originating 
from the duct system 3 also exits via the outlet 7. Bleed air may be fed to the air- 
conditioning system from the power plant (jet engine, turbofan, engine, etc.) via a 
bleed air access 10. 

10 

According to Figure 2, the suction system for suctioning the boundary layer is thus 
coupled to the air-conditioning system for climate control of the cabin of the aircraft. 
The recirculating air of the air-conditioning system, tlie suctioned air of the suction 
system, and bleed air from the power plant reach the air-conditioning system via the 
15 air mixer unit and leave the air-conditioning system together fiom its outlet to be 
carried away at the atmosphere. The suctioned air may accordingly be fed to the 
recirculating air or directly to the air mixer unit of the air-conditioning system. The 
suctioned air may also be fed simultaneously to the recirculating air system and the 
air mixer unit. 

20 

In this way, aerodynamic flow losses ate minimized by saving a separate outlet for 
the suction system. Furdiermore, the air-conditioning system derives a part of the 
fiesh air fiom the suction system, so that less bleed air needs to be taken from the 
power plant, which leads to lower power plant losses. In this way, the total quantity 
25 of exhaust air to be discharged is reduced. 



As noted above, a delay of the change fiom laminar to turbulent flow may be 
generated by 
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(1) shaping of the aircraft (suitable pressure gradient along the external surface), or 

(2) suctionii^ of the boundary layer, or 

(3) cooling of the surface in the event of air currents (heating of the sur&ce in event 
5 of water currents). 

As may also be inferred fiom Figure 2, the systems for the suctioned air, the 
recirculated air, the bleed air, the air mixer unit, and the outlet of the air-conditioning 
system are positioned in the unpressurized zone without artificial pressure. Of 
course, there is a "pressurized" zone in the aircraft cabin. 

The HLFC method (HLFC = hybrid laminar flow control) is advantageously applied, 
which is a combination of (1) and (2). For example, (2) may be applied at the wing 
(tail assembly) front edge and (1) over the wing boxes, for example, since the space 
in the wing boxes is used as tank volume. Small openings are provided in the surfece 
of the aircraft for the boundary layer suctioning, which may have dimensions in the 
micrometer range. 

As already noted above, according to one exemplary embodunent of the present 
invention, a suctioned air quantity is fed to the air-conditioning system of tiie aircraft. 
The air quantity is then discharged to the atmosphere together with the exhaust air of 
the air-conditioning system via the outlet of the air-conditioning system. In this way, 
an otrtlet for the suctioned air may be saved, which may reduce a resistance of the 
aircraft. 

It should be noted that the term "comprising" does not exclude other elements or 
steps and the "a" or "an" does not exclude a plurality. Also elements described in 
association with different embodunents may be combined. 
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It should also be noted that reference signs in the claims shall not be construed as 
limiting the scope of the claims. 



